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Advances in Image Correlation Spectroscopy for Measurements in
Heterogeneous Cell Environments
Paul W. Wiseman, Ph.D.
Physics, McGill University, Montreal, QC, Canada.
Image correlation spectroscopy (ICS) methods provide a spatial regime based
approach for measurements of membrane associated protein-protein interac-
tions and macromolecular transport properties using fluorescence microscopy
images of living cells as input. These approaches are based on space and
time correlation analysis of fluctuations in fluorescence intensity within images
recorded as a time series on a laser scanning or TIRF microscope. We recently
introduced spatio-temporal image correlation spectroscopy (STICS) which
measures vectors of protein flux in cells based on the calculation of a spatial
correlation function as a function of time from an image time series. Here
we will describe extensions of (ICS) that are suited for measurements in the
heterogeneous cell environment. We will introduce a two color extension,
spatio-temporal image cross-correlation spectroscopy (STICCS) with a bivari-
ate fitting method that accounts for directional confinement in the cell. We will
illustrate the method with transport maps of the adhesion related macromole-
cules alpha5, alpha6 and alphaL integrins with paxillin, and actin within, or as-
sociated with the basal membrane in adherent cells plated on extracellular
matrix components laminin, collagen or fibronectin. Using the method we de-
tect transient flow patterns as well as anisotropic diffusion that are correlated
with adhesion fluxing activity in specific regions of the cell. Finally we will
also highlight recent advances we have made with an extension of reciprocal
(k-) space ICS (kICS) that can be used to measure molecular confinement in
membrane domains from analysis of the correlation functions in both k-space
and time.
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Invited Saturday Subgroup Speaker Fluorescent Proteins: The ShowMust
Go On!
Gregor Jung.
Biophysical Chemistry, Saarland University, Saarbruecken, Germany.
A half century ago, Green Fluorescent Protein (GFP) from a pacific jellyfish
was isolated as byproduct in the purification of the chemiluminescent protein
Aeqourin. While the latter was later turned into a calcium-sensitive probe,
GFP was treated like a fluorescent curiosity in biophysical research for almost
three decades. Once it was recognized that fluorescence appears without the
need of cofactors, the transfection into other organisms proved the autocatalyt-
ical character of chromophore formation and boosted the research in life sci-
ences. The discovery of the GFP, its first, seminal application and the
ingenious development of a broad palette of fluorescence proteins, was conse-
quently awarded with the Nobel Prize for Chemistry in 2008.
In my presentation, I will review the highlights in the history of GFP and other
fluorescent proteins from a spectroscopist’s point of view. Furthermore, open
questions and new ideas how fluorescent proteins can be turned into biosensors
will be discussed.
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Color Coded Optical Nano-Sectioning (COCOS) Reveals Focal Adhesion
Dynamics
Kareem Elsayad1, Alexander Urich2, Maria Nemethova3, Victor Small3,
Karl Unterrainer2, Katrin Heinze, Dr.1,4.
1IMP-Research Institute of Molecular Pathology, Vienna, Austria, 2Photonics
Institute, Vienna University of Technology, Vienna, Austria, 3IMBA -
Institute of Molecular Biotechnology GmbH, Vienna, Austria, 4Optical
Engineering, Rudolf-Virchow-Center, DFG research center of experimental
medicine, Wu¨rzburg, Germany.
We present a fast imaging technique for performing high contrast microscopy
and optical nanosectioning in the sub-100 nm vicinity of a biocompatible
metal/dielectric coated substrate. The technique makes use of the distance de-
pendent interactions of excited fluorophors with surface plasmons and polari-
tons of the coating: The fluorophor’s emission spectrum changes with its
distance from the substrate and thus allows inferring the molecule-substrate dis-
tance with a 50 times higher precision than the diffraction limit.
Qualitatively, a COCOS image has a similar appearance to a typical Total
Internal Reflection Fluorescence Microscopy (TIRFM) image however con-tains spectral information that provides an effective axial resolution in the
nanometer over the range of the evanescent (surface plasmon polariton)
field.
The technique is demonstrated for tracking the axial dynamics of GFP-Paxillin
and other complexes at the adhesion sites of migrating fibroblasts with approx-
imately 10 nm axial localization precision. Our results for the average separa-
tion of the protein from the intercellular matrix are consistent with suggestions
from previous studies and show periodic fluctuations in the axial position pre-
viously inaccessible. The proposed technique is likely to find a wide range of
applications due to its practical simplicity and compatibility with established
fluorescence methods.
Subgroup: Membrane Structure & Assembly
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Accelerating Membrane Insertion of Peripheral Proteins with a Novel
Membrane Mimetic Model
Emad Tajkhorshid, Ph.D.
Department of Biochemistry, and Beckman Institute, University of Illinois at
Urbana Champaign, Urbana, IL, USA.
Membrane binding and insertion of peripheral proteins constitutes a key step in
their function, both through localizing them into specific regions of the mem-
brane and often also regulating their activity. Characterizing membrane-bound
forms of peripheral protiens, however, has proven challenging both experimen-
tally and in simulations, with the latter being significantly hindered by the slow
dynamics of membrane reorganization. To expedite lateral diffusion of lipid
molecules without sacrificing the atomic details of such interactions, we have
developed a novel membrane representation, termed HMMM (Highly Mobile
Membrane Mimetic) to study binding and insertion of various molecular spe-
cies into the membrane. The model is based on the novel concept of molecular
fragmentation, i.e., representing the lipid molecules by smaller fragments that
faithfully preserve the interactions in a full membrane. The model takes advan-
tage of an organic solvent layer to represent the hydrophobic core of the mem-
brane and short-tailed phospholipids for the headgroup region. The model
describes spontaneous, rapid bilayer formation regardless of the initial lipid po-
sition and orientation, a phenomenon reported for the first time at an atomistic
level. In the HMMM membrane, lipid molecules exhibit 1-2 orders of magni-
tude enhancement in lateral diffusion, while the atomic density profile is essen-
tially identical to full-membrane models. Most importantly, the model is
extremely efficeint in capturing spontaneous binding and insertion of various
membrane-anchoring domains and proteins/peptides, e.g., coagulation pro-
teins, talin, alha-synuclein, and viral fusion peptide, consistently in multiple un-
biased simulations. The model and the applications will be presented and
discussed in this talk.
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Flexible Surface Model for Membrane Lipid-Protein Interactions
Michael F. Brown1,2.
1Department of Chemistry and Biochemistry, University of Arizona, Tucson,
AZ, USA, 2Department of Physics, University of Arizona, Tucson, AZ, USA.
Membrane protein conformational changes, folding and stability, and mem-
brane fusion may all involve elastic deformation of the bilayer. The develop-
ment of solid-state deuterium NMR spectroscopy [1] provides a basis for
experimentally investigating lipid structure and dynamics under external forces
due to temperature, osmotic pressure, or lipid composition. Deuterium NMR
relaxation illuminates long-range collective lipid interactions [1]. Non-
specific properties of the bilayer play a significant role in modulating protein
conformational energetics [2]. A flexible-surface model (FSM) describes the
balance of curvature and hydrophobic forces in lipid-protein interactions.
The FSM describes elastic coupling of membrane lipids to integral membrane
proteins. Curvature and hydrophobic matching to the lipid bilayer entails
a stress field that explains membrane protein activity and stability [3]. Rhodop-
sin provides an important example, where solid-state NMR studies [4,5] and
FTIR spectroscopy [6] characterize the energy landscape of the dynamically
activated receptor. Upon light activation rhodopsin becomes a sensor of nega-
tive spontaneous curvature [2]. Time-resolved UV-visible and FTIR spectro-
scopic studies show how membrane lipids forward or back-shift the
metarhodopsin equilibrium due to chemically non-specific material properties
[2]. Influences of bilayer thickness, nonlamellar-forming lipids, detergents, and
osmotic stress on rhodopsin function are all explained by the new biomembrane
model. By contrast, the older fluid-mosaic model including lipid rafts fails to
account for such effects on membrane protein activity. According to the
FSM, proteins are regulated by membrane lipids whose spontaneous curvature
